lammatory bowel disease (IBD) after the solid success of therapeutic strategies to antagonize this molecule in Crohn's disease (CD) (1, 2) and ulcerative colitis (UC) (3) . IL-10 is generally regarded as a very important immunoregulatory and contrainflammatory cytokine, which exerts its anti-inflammatory effects by suppressing the production of inflammatory proteins, including TNF-α. In fact, IL-10's anti-inflammatory effect is strongly supported by the development of spontaneous enterocolitis with characteristics of IBD in IL-10-deficient mice (4) and its benefits in treating models of induced colitis (5, 6) . Probiotics is defined as live microorganisms which, when administered in adequate amounts, confer a health benefit on the host. To date, such different probiotic strains as bifidobacteria, lactobacilli, streptococci, Escherichia coli, clostridia, and also yeast have been reported to be efficient (7) (8) (9) . Furrie et al. (10) reported for the first time that the combination of probiotic strain Bifidobacterium longum and fructooligosaccharides (FOS) conferred therapeutic benefits in the distal colon of patients with acute UC. In China, Peifeikang (PFK) is a generally available probiotic product that contains B. longum, Lactobacillus acidophilus and Enterococcus faecalis. One study published previously in ZhongHuaXiaoHuaZaZhi, one of China's most authoritative journals, suggested its efficacy in treating trinitrobenzene sulfonic acid (TNBS)-induced colitis in rats (11) . After refining the study design, we report our study of the therapeutic effects of PFK on TNBSinduced colitis of rats with a two-fold purpose: to confirm PFK's efficacy on experimental colitis and to elucidate its potential mechanism, particularly its association with such inflammatory cytokines as TNF-a and IL-10.
MATERIALS AND METHODS

Experimental Animals
Fifty female adult Sprague-Dawley rats weighing 195±20 g were purchased from the Experimental Animal Research Center of ZhongNan Hospital, Wuhan University. All the rats were housed in air-conditioned animal room at 25±2°C and 60% humidity and exposed to 12-hour (h) light and dark cycle with free access to food and water that were refreshed everyday. The research was approved by the Institutional Review Board (IRB) of Zhongnan Hospital of Wuhan University, and the treatment of animals was according to the principles of laboratory animal care.
Experimental Groups
The rats were randomly divided into 5 groups (n=10 each) as described below:
A: Healthy control group, received 25% aqueous ethanol once at a dose of 1.0 ml/rat into the colon and intragastric medical saline at a dose of 2.0 ml/rat/day for 2 weeks.
B: Untreated TNBS-induced colitis control group, receiving intragastrically medical saline at a dose of 2.0 ml/rat/day for 2 weeks.
C: TNBS-induced colitis treated with PFK intragastrically at a dose of 0.63 g/rat/day for 2 weeks. D: TNBS-induced colitis treated with olsalazine intragastrically at a dose of 125 mg/kg body weight for 2 weeks.
E: TNBS-induced colitis treated with both PFK and olsalazine intragastrically at the same dosage and duration as above.
Reagents and Drugs
TNBS was purchased from Sigma-Aldrich Chemical Co. Myeloperoxidase (MPO) reagent kit was supplied by JianCheng Co. (Nanjing, China). Both TNF-α and IL-10 ELISA kit for rats were from Neobioscience (Beijing, China). Olsalazine was bought from LiSheng Co. (Tianjin, China), while PFK was from XinYu Co. (Shanghai, China). ChemMateTMEnVision+/HRP/DAB Rb & Mo was from BaiLi Co. (Shanghai, China) and UltrasensitiveTM S-P kit was from FuZhouMaiXin Co. (Shanghai, China), while rabbit anti-TNF-α monoclonal antibody to rat was from ZhongShanJinQiao Co. (Beijing, China) and rabbit anti-IL-10 monoclonal antibody to rat was from BoShiDe Co. (Wuhan, China).
Induction of Colitis
Ulcerative colitis (UC) was induced according to the method of Siddiqui et al. (12) . Briefly, before induction of colitis, rats were starved for 24 h but had free access to water. The rats were lightly anesthetized with ether. A rubber catheter (OD, 2 mm) was inserted rectally into the colon with the tip approximately 8 cm proximal to the anus. TNBS (dissolved in 1.0 ml 50% ethanol) was instilled into the colon of rats in Groups B, C, D, and E at a dose of 25 mg/rat, while rats in Group A received only 1.0 ml 25% ethanol. After the induction of colitis, all rats were observed closely and characteristics of stool and body weight of each rat were recorded to assess the disease activity index (DAI) according to Vowinkel et al. (13) .
Preparation of the Samples
At the end of the work (2 weeks later), all rats were sacrificed, blood samples were obtained and centrifuged at 3,000 g for 5 minutes (min), and serum was stored at -70°C for spectrophotometric assay of TNF-α and IL-10 (pg/ml). The inflamed colon of rats was excised, cut open along its mesenteric border and rinsed with saline to expose the mucosal surface clearly. Colonic mucosa damage index (CMDI) was assessed as previously described by Wallace et al. (14) 2.0 cm of each colon was fixed in 4% polyformaldehyde and subjected to histopathologic evaluation and scoring after hematoxylin and eosin staining according to Fedorak et al. (15) . Immunochemical staining for TNF-α and IL-10 was also performed with positivities calculated by HPIAS-2000 analytic software. The remaining colon was stored at -70°C for determination of MPO activity.
Derivation of Colonic MPO Activity and Serum Levels of TNF-α α and IL-10
The activity of MPO, which is found in neutrophils, can be used for evaluating the degree of colonic inflammation. Following the instruction of the commercial reagent kit, 100 mg of the frozen colon was used and assayed spectrophotometrically for MPO activity. Serum levels of TNF-α and IL-10 were also measured according to the instruction of corresponding ELISA kits for rat.
Statistical Analysis
Normality of data was evaluated by calculating Lilliefors probabilities based on the KolmogorovSmirnov test. Data were expressed as mean±stan-dard deviation if distributed normally, with statistical significance analyzed by one-way ANOVA or repeated-measures analysis of variance. The significance was considered at p values <0.05. All the statistical analyses were performed with Statistical Program of Social Sciences (SPSS) for Windows, version 16.0.
RESULTS
Change in DAI of all Rats During Treatment
10∼24 h after administration of TNBS, rats in Groups B, C, D, and E began to show such symptoms as obvious diarrhea, inactivity and anorexia, while there were only 4 rats with minor diarrhea in Group A. DAI of all rats differed significantly at different times (multiple comparison by "time" factor, p=0.000). Following treatment, DAI began to decrease in the treated groups (C, D, E) on the second day and in untreated Group B on the fourth day. DAI was also significantly different among the 5 groups (multiple comparison by "group" factor, p=0.000), with Group A the lowest and Group B the highest (p=0.000). In comparison to the untreated Group B, DAIs of treated groups C, D and E were significantly lower (p=0.000). Group C had significantly higher DAI (p=0.002) and Group D had non-significantly higher DAI (p=0.309), when compared to Group E (Figure 1a ).
Macroscopic Rating of Colonic Mucosa Damage Index (CMDI)
Obvious hyperemia, swelling, edema, and ulceration could be seen on the colonic mucosal surface of rats in Group B, in which there were 2 rats with colonic ulcers as long as 4.0 cm. In contrast, these lesions were greatly relieved in Groups C, D and E. In comparison to Group A, the CMDI of Group B was significantly increased (p<0.05). However, CMDI in the treated Groups C, D and E decreased significantly (p<0.05), as compared to untreated Group B. The CMDI was not significantly different between treated Groups C, D and E (p=0.120), or between treated Groups C and E and healthy Control Group A (p=0.405) (Figure 1b) .
Histopathologic Changes of Colons in all Rats
In untreated Group B, histopathologic assessment revealed the most severe colonic inflammation with abundant infiltrated neutrophils, lymphocytes, plasma cells, eosinophils, and histiocytes into the intestinal wall, predominantly the mucosa and submucosa, crypt distortion, or abscess ( Figure  2b) . Ulceration, submucosal edema, cytoplasmic mucin depletion (Figure 2c) , infiltration of mucosa, submucosal granulomatosis, and thickening of intestinal wall (Figure 2d ) were common in untreated Group B. Such lesions typical of UC, however, were greatly relieved in treated Groups C, D and E. When compared to the healthy Control Group A (Figure 2a) , histopathologic score (HPS) of untreated Group B was pronouncedly elevated (p<0.05). HPSs of treated Groups C, D and E were significantly inhibited (p<0.05), when compared to untreated Group B. There was a non-significant difference between treated groups C and D (p=0.786). In comparison to either treated Group C or D, HPS of treated Group E was significantly inhibited (p<0.05) (Figure 1c ).
Colonic MPO Activity Assay
Colonic MPO activity of untreated Group B was escalated significantly compared to that of healthy Control Group A (p=0.000). Treatment with PFK (p=0.036) or olsalazine (p=0.000) or both (p=0.000) significantly suppressed colonic MPO activity compared to untreated Group B. Treatment with both PFK and olsalazine offered a larger degree of suppression of MPO activity, when compared to treatment with either PFK (p=0.020) or olsalazine (p=0.021) alone. The difference in colonic MPO activities between treatment with PFK or olsalazine did not reach significance (p=0.876) (Figure 1d ).
Serum Levels of TNF-α α and IL-10
In untreated Group B, serum levels of both TNF-α and IL-10 were significantly increased when compared to the healthy Control Group A (p<0.001). When treated with PFK (p=0.030), olsalazine (p=0.020), or both (p=0.000), serum TNF-α levels were significantly reduced, as compared to untreated Group B. In comparison to treatment with PFK (p=0.039) or olsalazine (p=0.038) alone, treatment with both achieved even greater reduction in serum TNF-α. A non-significant difference in serum TNF-α was observed between treatment with PFK or olsalazine (p=1.000) alone. However, the pattern of serum IL-10 was distinct from that of TNF-a. Following treatment with PFK (p=0.013), olsalazine (p=0.000), or both (p=0.000), serum IL-10 rose significantly, compared to untreated Group B. Treatment with both PFK and olsalazine achieved an even greater increase in serum IL-10, when compared to treatment with either PFK (p=0.003) or olsalazine (p=0.002) alone. There was a non-significant difference between treatment with PFK or olsalazine (p=0.433) alone (Figure 1e ).
Colonic Expression of TNF-α α and IL-10
Compared with healthy Control Group A, colonic TNF-α and IL-10 positivity in untreated Group B was significantly increased (p=0.000). Colonic TNF-α expression was inhibited by treatment with either PFK, olsalazine, or both, when compared to untreated Group B (p=0.000). In comparison to treatment with either PFK or olsalazine alone, treatment with both obtained greater inhibition in colonic TNF-α expression (p=0.000). There was no significant difference in colonic TNF-α expression between treatment with PFK or olsalazine (p=0.137) alone. However, colonic IL-10 displayed a different expression modality in treatment groups. In comparison to untreated Group B, F Fi ig gu ur re e 1 1. . DAIs of all rats were analyzed by repeated-measure analysis of variance ( (a a) ), while CMDI ( (b b) ), HPS ( (c c) ), colonic MPO ( (d d) ) , serum TNF-α and IL-10 ( (e e) ), and colonic positivities of TNF-α and IL-10 ( (f f) ) were analyzed by one-way ANOVA followed by StudentNewman-Keuls test ( (b b, , c c) Immunochemical staining for colonic TNF-α (e e--g gx400) and IL-10 (h h--j jx400): e e healthy colon with slight production of TNF-α in mucosal epithelia and infiltrated inflammatory cells; f f production of TNF-α primarily within mucosal epithelia; g g production of TNF-α primarily within submucosal infiltrated inflammatory cells; h h healthy colon with negative production of IL-10 within mucosa or submucosa; i i production of IL-10 within both mucosal epithelia and infiltrated cells; and j j production of IL-10 primarily within infiltrated cells.
treatment with PFK, olsalazine, or both offered significantly higher colonic expression of IL-10 (p=0.000). When compared to treatment with either PFK or olsalazine alone, treatment with both achieved a greater degree of IL-10 expression (p=0.000). Similarly, expression of IL-10 in treatment with PFK or olsalazine alone did not differ significantly (p=0.093) (Figure 1f ).
DISCUSSION
Intrarectal administration of hapten TNBS (5~30 mg) in 0.25 ml of 50% ethanol as the "barrier breaker" can produce dose-dependent colonic ulceration and inflammation. Histologically, colonic inflammation includes mucosal and submucosal infiltration by polymorphonuclear leukocytes, macrophages, lymphocytes, connective tissue mast cells, and fibroblasts. Segmental ulceration and inflammation were common within 3 weeks after induction of colitis (16) . In our study, 40 rats intrarectally given TNBS dissolved in ethanol at the dose of 25 mg/rat developed such characteristics as clinic symptoms, mucosal lesions and colonic histopathologic changes similar to UC in humans.
From 10 to 24 h after the intrarectal dose of TNBS, all rats (in Groups B, C, D, E) developed diarrhea with varied severity, and 72.5% of the rats excreted bloody stool. As of the second day, clinic DAI seemed indistinguishable among these 40 rats in Groups B, C, D and E. As the treatment continued, DAI in treated Groups C, D and E decreased on the fourth day, while in untreated Group B, DAI decreased on the sixth day. This is indicative of the efficacy of treatment with PFK or olsalazine alone, or both. During the course of treatment, DAI in all groups remained in the order of B>C>D>E>A, with DAI in untreated Group B the highest and in Group A the lowest, which suggested firstly the efficacy of treatment with PFK or olsalazine alone, or both, and secondly the better efficacy of treatment with both PFK and olsalazine than with PFK or olsalazine alone, and the seemingly better efficacy of olsalazine than PFK.
The CMDI is assessed by taking into account the mucosa lesions of hyperemia, swelling, ulceration (number and extent of ulcers) or necrosis, which is similar to clinic endoscopic assessment of mucosal lesions. In this study, CMDI of treated Groups C, D and E were significantly lower than that of untreated Group B, which implied the better healing of inflamed mucosa in the treated than untreated groups. In treated Groups C, D and E, no significant differences in CMDI were observed, which suggested the similar effect between treatment with PFK or olsalazine alone or both in promoting mucosal healing. As a matter of fact, we also observed a non-significant difference in CMDI between treatment Groups C and E and the healthy Control Group A, which indicated a similar effect of PFK alone to PFK with olsalazine in promoting mucosal healing to normal mucosa in 2 weeks.
Histologically, treatment with PFK or olsalazine alone, or both, achieved inflammatory remission in the form of reduced HPS in Groups C, D and E compared to Group B, which suggested the antiinflammatory effects of these treatment. HPSs in Groups C and D were not significantly different, which suggested the similar anti-inflammatory effect of PFK to olsalazine. When treated with both PFK and olsalazine, greater reduction in HPS was achieved than when treated with PFK or olsalazine alone, which suggested the synergistic effect of PFK to olsalazine in fighting colonic inflammation. The varied degrees of colonic inflammatory remission in the differently treated groups of rats were further supported by the measured colonic MPO activities. Similarly, we observed highest activity of MPO in untreated Group B, lower activity in Groups C, D and E, and lowest activity in Group A. Further, MPO activities in treated Groups C, D and E were also significantly different, with Group E significantly lower than either Group C or D, and a non-significant difference was observed between Groups C and D, which suggested the greater resolution of infiltration by neutrophils when treated with both PFK and olsalazine than with PFK or olsalazine alone.
Tumor necrosis factor (TNF)-α is a key pro-inflammatory cytokine in CD but is also found in increased concentrations in the blood, colonic tissue and stools of patients with UC (17) (18) (19) . Our study conformed to these reports, in which we observed significantly increased serum level and colonic positivities of TNF-α in Groups B, C, D, and E than in healthy Control Group A. However, treatment with PFK or olsalazine alone, or both, seemed to cause varying levels of decrease in serum TNF-α level and colonic TNF-α positivity, which paralleled the relief of TNBS-induced colitis.
In fact, reduced production of anti-inflammatory cytokine IL-10 is a key feature of IBD (20, 21) . Daily systemic administration of IL-10 is able to prevent disease onset in animal models of colitis, while a single injection is therapeutic in mice with established DSS (dextran sulphate sodium)-colitis (22) . In our study, IL-10 increased after induction of colitis in Groups B, C, D, and E, when compared to healthy Control Group A. This increase can be explained by the compensatory mechanism in response to markedly increased pro-inflammatory cytokine production, primarily TNF-α, in which increase in IL-10 is stimulated by TNF-α and may in turn inhibit production of TNF-α to maintain the balance of pro-and anti-inflammatory cytokines (23, 24) . Unlike TNF-α, IL-10 increased rather than decreased after treatment with PFK or olsalazine alone, or both, which was inversely associated with the condition of TNBS-induced colitis in the form of decreased DAI, CMDI and HPS. Treatment with both PFK and olsalazine achieved the greatest increase in IL-10 and the greatest relief of colonic inflammation. This biologic behavior of IL-10 may be attributed to PFK, which boosted the efficacy of olsalazine by promoting production of IL-10. We may even attribute the efficacy of PFK alone to the promotion of IL-10 production, which, however, still requires a rigorously designed study to confirm.
In conclusion, PFK is efficacious in treating TNBS-induced colitis, the potential mechanism of which may be attributed to the modulation of imbalance between pro-and anti-inflammatory cytokines during the formation of colonic inflammation.
